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Introduction
Congenital heart disease (CHD) is the most common birth defect and a leading cause of morbidity and mortality in patients with congenital malformations [1] . Moreover, the VSDs are the most common congenital cardiac abnormalities. The isolated incidence of VSD was 2.62 in 1000 births [2] . In addition to imaging, there was little laboratory tests were performed to confirm the diagnosis of VSD. Present interventions show little effect in early prevention or treatment of VSD, for its unclear pathogenesis.
With the developing of transcriptomic, previous studies have demonstrated that non-coding RNAs, such as miRNAs and lncRNAs play important roles in
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International Publisher cardiac development [3] . As early as 1980s, the circRNA had been discovered [4] , but the circRNA did not receive much attention when receiving the research technology at that time. With the development of the study, the researchers found that, unlike the previously studied linear RNA, circRNA forms a covalently closed continuous loop, there is no linear RNA molecule in the 3'and 5' ends connected together [5] . This feature confers the insensitivity of cyclic RNA to nuclease [4] , and thus is more stable than linear RNA, which makes circRNAs more obvious advantage in the development and application of potential new clinical diagnostic markers than other types of RNA [6] [7] [8] .
With the development of high-throughput sequencing technology, a large number of circRNA have now been identified spanning a wide variety of organisms. In 1993, it was discovered that there is a circular transcript in the mouse sperm-determining gene Sry [9] ; this indicated that circRNAs are not a product of false shear in the transcription process. With the deepening of the research, circular RNAs (circRNAs) are discovered class of evolutionarily conserved endogenous non-coding RNA that play important roles in the regulation of gene expression [10] [11] [12] , so as to participate in the occurrence and development of various diseases. In subsequent studies, it was reported that cirs-7 acts as a miRNA sponge in brain cells [12] , and circTCF-25 was shown to inhibit the miRNA function [13] .
Recently abundant circRNAs were found in the amphicytulas before implantation [14] . It is suggested that the circRNA plays an important role not only in the process of disease, but also in the process of embryonic development. In previous studies, little research is about the role of circRNAs in the regulation of congenital heart disease. In this study, through the application of microarray, we determine the differences expression of circRNAs between the VSD group and the control group in the embryo abortion. Specifically, we identified a total of 6234 differentially expressed circRNAs, then predicted the functions of circRNA. At length, this work provided a new direction which can access to the pathological mechanisms of VSD.
Results

Identification of differentially expressed circRNA profiles
We performed microarray assays on circRNA to identify circRNA expression signatures in CHD. A total of 12842 circRNA targets were detected by microarray probes in three pairs of samples. Comparing VSD cardiac tissue (n=3) to normal cardiac tissue (n=3), we identified 6234 differentially expressed circRNAs: 3162 circRNAs were over-expressed, and 3072 circRNAs were under-expressed at Volcanic maps (Figure 2a ) and scatter plots (Figure 2b) show all of the detected circRNAs. Moreover, in volcano plot filtering identified significantly differentially expressed circRNAs between the two groups. The left red points mean the under-expressed circRNAs and the right red points represent the over-expressed circRNAs. The points out of two green lines near the middle of the scatter plots mean over 2.0-fold change. The histogram depicts the distribution of circRNAs on human chromosomes (Figure 2C left) . Furthermore, the thermal map revealed that the top 20 over-expressed and under-expressed circRNAs between the VSD group and normal group ( Figure 2D and 2E) , and the top 20 differentially expressed circRNAs are shown in Table 1 . 
Validation of differentially expressed circRNAs
In order to verify the reliability of our microarray results. we randomly selected 5 circRNAs, hsa_ circRNA_002086, hsa_circRNA_007878, hsa_circRNA_ 100709, hsa_circRNA_101965, hsa_circRNA_402565, from the top 20 differentially expressed circRNAs. GAPDH was used as a normalization control for qRT-PCR analysis. The results of the qRT-PCR indicated significant over-expression of hsa_circRNA_ 002086 and under-expression of hsa_circRNA_007878, hsa_circRNA_100709, hsa_circRNA_101965, hsa_circ RNA_402565 (Figure 4) . Because microarray and qRT-PCR belong to two difference genetic tests, there are some errors between them. We confirmed the trend of 5 circRNAs differential expression were the same with chip, though the results of fold changes form qRT-PCR were different from those of microarray. This indicated that the results of qRT-PCR were well consistent with microarray results, demonstrating the high reliability of the microarray expression results.
Prediction of the function for the circRNAs host genes
According to previous researches, many circRNAs functions are related to their host genes [15, 16] . To eliminate some low variance multiples which may belongs to interference information, and convenient data analysis. We selected 282 differentially expressed circRNAs (Fold change ≥ 15.0; p ＜ 0.05), of which 88 were over-expressed and 194
were under-expressed in CHD cardiac tissue were analyzed (Supplementary Table 1 ). The host genes of 282 differentially expressed circRNAs were input into DAVID (https://david.ncifcrf.gov), an online gene ontology (GO) analysis tool, and the number of target genes in each GO term was counted. Enrichment score was used to test and calculate the significance of the target gene enrichment in each GO term, and a p-value was acquired to describe the significance of the target gene GO term. Target genes were classified and analyzed according to cellular component, molecular function, biological process, and KEGG pathway (Figure 4) .
We can find out from bioinformatics analysis, in biological process category (Figure 4a ) parts of these genes are involved in the transcriptional regulation of RNA and cell differentiation. Then we also found the Protein Serine, Threonine Kinase Activity and Actin Binding that are involved in the regulation of cardiac cell activity and function in the molecular functions category (Figure 4b ). In the cellular component category (Figure 4c) , there are same peculiar structures of heart cells, such as Z Disc, T-Tubule, or some of the cellular structures, Actin Filament, Intercalated Disc, that are involved in cardiac cell function. In the final KEGG-pathway analysis (Figure  4d) , we also found some signal pathways similar to Hypertrophic Cardiomyopathy, Arrhythmogenic Right Ventricular Cardiomyopathy, the heart disease related diseases. Therefore, from the results of bioinformatics analysis, these circRNAs we screened were largely related to the development of the heart. Construction of the circRNA/miRNA interaction network.
In the early researches for circRNA functions, most investigator paid close attention to the function of miRNA sponges [12, 13, [17] [18] [19] . In order to evaluate the target miRNAs of circRNAs, this study used TargetScan and miRanda database to theoretically predict, based on conserved seed-matching sequence. The 6234 differentially expressed circRNAs are theoretically bound to miRNAs (Supplementary Table 1 ). The relationship between circRNA and miRNA in the first 20 sites of differential expression has been sorted out as network (Figure 5a) . Reviewed previous studies, we have identified a number of miRNA which can take participation in regulation of cardiac development. The relationship between the miRNA, which had been researched, and their potentially combined circRNAs (Figure 5b) . The relationship between them deserves further exploration. 
Discussion
Ventricular septal defect (VSD) is the most common major congenital malformation, accounting for approximately 20% of neonatal deaths [2] . Although investigators have been throw themselves to explore the development and progression of congenital heart disease, including the identification of mutations in genes associated with VSD abnormalities, the detailed mechanisms of VSD remain a mystery [20] . In our study, it investigated the role of circRNAs in the development of human embryonic heart through miRNA sponges, based on high-throughput microarray screening.
It will be contributed to the diagnosis and rescue of abnormal embryos during pregnancy, for studying the circRNAs involved in embryonic development and the functional mechanisms of circRNAs. The researchers used high-throughput sequencing to explore the expression changes of circRNAs at different time points in the development of the rat retina, and tried to combine apoptosis to explore the role of circRNA in the development of neural cells. Han, J., et al. have researched that affluent differential expression of circRNAs among 3 different developmental time points, and 15 of which are related to apoptosis of circRNA [21] . From their study, we concluded that circRNA also plays a very important role in the process of embryonic development. Thus, the role of circRNAs in the development of embryonic heart is a direction worthy of further study.
Presently, circRNAs are at the forefront of research in cancer and cardiovascular disease, and these studies will further explore the mechanisms of development and progression of these diseases [22, 23] . MiRNA sponges function is the main research direction of investigators in existing researched. A latest study in 2017, circRNA-MYLK could serve as a sponge for miR-29a to abolish the endogenous suppressive effect on target gene VEGFA which promoted bladder cancer growth [24] . Through the complete pathway axis of the circRNA-miRNAdownstream target, the researchers elaborated the mechanism of circRNAs in the course of bladder cancer. Legnini, I. et al provided us with the latest research model of miRNA sponges. In 2016, the first study about angiocardiopathy found that the circRNA HRCR can regulate miR-223 by inhibiting the expression of ARC, which inhibits the development of cardiac hypertrophy and heart failure, thus confirming that circRNAs participate in the regulation of protein expression by effecting the biological function of miRNA [25] . Thus, in the development of cardiovascular system, circRNA may also affect the biological function of miRNA, which has an impact on the downstream target, and this mode of action is worthy of further exploration.
In the past studies, miRNA has been authenticated to be involved in the regulation of cardiac development. These preliminary work laid the foundation for us to further explore the function of miRNA sponges. In this study, through the software analysis and prediction, it found many miRNA binding sites in the circRNAs. As shown in Table 3 , many circRNAs contain miR-30c binding sites; the high differential expression suggests that these circRNAs might be involved in the onset and development of CHD by regulating miRNA expression. Liu et al. reported that up-regulated miR-30c can act through the sonic hedgehog signal pathway, a signaling pathway associated with embryonic development and differentiation of P19 cells, and influences the balance between proliferation and apoptosis [26] . In another early research, miR-29c regulates the proliferation and apoptosis of P19 cells by regulating WNT 4 signaling molecules and regulates its differentiation into cardio myocytes [27] . Combined with the above researches suggest that one role for these differentially expressed circRNAs may be to function as a miR-30c or miR-29c sponge, which may affect heart development. We can further study the regulatory mechanism of upstream circRNAs through the discovered miRNAs. Of course, we can also further analyze and tap our chip results, then select the circRNA that we're interested in, and discover a new circRNA-miRNA-Target regulatory signaling pathway for heart development. Furthermore, circRNAs are involved in many important regulatory functions, not just through the miRNAs sponges function. RNA binding motifs (RBM), and even the translation of synthetic proteins may be the pathway for circRNA to function [9, 28, 29] . As in bioinformatics analysis, molecular functions (Figure 4c) show that the circRNAs we detected may be similar to its host genes, give full play to its functions through protein binding. For example, it has been found that circ-Foxo3 can affect protein cell localization by binding proteins. Circ-Foxo3 is expressed mainly in the cytoplasm, where it is associated with aging related proteins Id1 and E2F1, as well as the stress proteins HIF1 alpha and FAK. Circ-Foxo3 can reduce the expression of Id1 and E2F1 in the nucleus, but also reduce the stress response by regulating the expression of FAK and HIF1 alpha in mitochondria, and accelerating myocardial aging [30] . This suggests that in our microarray results, there may be a non-miRNA-sponges involved in the regulation of cardiac development, but this mode of action needs further analysis and screening.
This study still has some limitations. We had neither proved these circRNAs could directly regulate heart development, nor detected the dynamic expression of these circRNAs during heart development. Furthermore, we have no expression pattern analysis of the host genes of candidate circRNAs and their effects on mRNAs or miRNAs. It calls for further validations. Additionally, combined with the bioinformatics analysis and miRNA target prediction, prediction function, provides fertile areas for further research.
In conclusion, this study demonstrated the significant differentially circRNAs in myocardial tissue between VSD and normal group. These circRNAs might involve in the regulation of myocardial development. Our study provides some fundamental data for the follow-up studies of diagnostic markers and potential mechanisms of heart development. To our knowledge, this study is the preliminary exploration of circRNAs as a mechanism for heart development. Our data suggest that circRNAs might play an important role in heart development, and establish rationale to investigate the role of circRNA involved in heart development in additional studies that will elucidate mechanisms of heart development and development of VSD.
Materials and methods
Ethical statement
All human fetal heart tissues were obtained from Obstetrics and Gynecology Hospital affiliated of Nanjing Medical University from deceased donors as approved by the medical ethics committee. And it complies with The Population and Family Planning Law of the People's Republic of China. We followed established procedures for written informed parental consent. We conducted basic research in accordance with national institutes of health guidelines.
Experimental design
This experiment adopts a case-control study design. To examine the different expression of circRNA, we conducted high-throughput microarray technology to detect heart tissue divided into two different groups: VSD and normal (n=3 tissues per groups). We collected cardiac tissue from aborted fetus at 24-28 weeks of gestation depending on embryos diagnosed by ultrasonography (Figure 1) . In order to exclude the interference of non-research purposes related factors, we excluded the tissues collected from whose mother had other diseases, and the embryos had genetic disorders, such as 21-trisomy syndrome. To validate the microarray, we randomly selected 5 circRNAs (hsa_circRNA_002086, hsa_circRNA_007878, hsa_circRNA_100709, hsa_circ RNA_101965, hsa_circRNA_402565) and examined its expression in 12 pairs of fetal heart tissue samples at 24-28 week of gestation by quantitative reverse transcription-polymerase chain reaction (qRT-PCR).
Patients and sample collection
Enrollment occurred from January to June 2016 at the Obstetrics and Gynecology Hospital affiliated of Nanjing Medical University Department of Family Planning. Prenatal ultrasound diagnosis of VSD for aborted fetuses, and fetal abortion with VSD were confirmed by anatomy, and are not associated with other malformations. Controls included aborted fetuses whose prenatal diagnosis were no abnormal genotype and were confirmed to lack VSD or other cardiac malformation. The results of imaging diagnosis are shown in Figure 1 .
Microarray analysis
Arraystar circRNA Microarray Technology (KANGCHEN, Shanghai, China) was used to analyze the differential expression of circRNAs.
Total RNA extraction and reverse transcription
Total RNA was extracted from the samples using TRIzol Reagent (Invitrogen, Carlsbad CA, USA), according to manufacturer's instructions. The RNA prep pure tissue kit (TIANGEN, DP431) was also used for subsequent RNA preparation. Based on the concentration of each sample, 1000 ng total RNA was input into the 20ul reverse transcription reaction. cDNA synthesis was performed on each sample using reverse transcription with random primers following the recommendations of the TaKaRa Prime Script TM RT Master Mix kit. 
qRT-PCR detection of target genes
We used SYBR for qRT-PCR to evaluation results of chip. The experimental data were analyzed using the 2 -ΔΔCT method. All data are the average of three independent experiments. Primer sequences are shown in Table 2 .
GO analysis and Bioinformatics pathway
We retrieved the genes encoded by the circRNAs source region from the circBase (http://www. circbase.org) and predicted their target genes. Target genes were input into the DAVID (https://david. ncifcrf.gov) online GO analysis tool.
Statistical analysis
SPSS statistical software was used for data analysis. Data are given as mean ± standard deviation. Significant differences between groups were evaluated by the t test. A difference with p < 0.05 was considered statistically significant. 
